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Abstract
Dental anomalies occur frequently in a number of genetic disorders and act as major
signs in diagnosing these disorders. We present definitions of the most common den-
tal signs and propose a classification usable as a diagnostic tool by dentists, clinical
geneticists, and other health care providers. The definitions are part of the series Ele-
ments of Morphology and have been established after careful discussions within an
international group of experienced dentists and geneticists. The classification system
was elaborated in the French collaborative network “TÊTECOU” and the affiliated
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O-Rares reference/competence centers. The classification includes isolated and syn-
dromic disorders with oral and dental anomalies, to which causative genes and main
extraoral signs and symptoms are added. A systematic literature analysis yielded
408 entities of which a causal gene has been identified in 79%. We classified dental
disorders in eight groups: dental agenesis, supernumerary teeth, dental size and/or
shape, enamel, dentin, dental eruption, periodontal and gingival, and tumor-like
anomalies. We aim the classification to act as a shared reference for clinical and epi-
demiological studies. We welcome critical evaluations of the definitions and classifi-
cation and will regularly update the classification for newly recognized conditions.
K E YWORD S
Anatomy and Histology, Classification, Craniofacial abnormalities, Rare diseases, Terminology,
Tooth abnormalities
1 | INTRODUCTION
Tooth number, shape, size, structure, and/or position can be abnormal
or altered. There may be delayed or absent tooth eruption. Alterations
in periodontal, gingival tissue formation, and odontogenic tumors are
also recorded. Teeth anomalies can occur isolated or form an integral
part of syndromes. Incomplete penetrance and variability in expres-
sion may result in difficulties in diagnosing syndromes. The progress
in our knowledge of causative genes and sequencing techniques has
enabled diagnostic procedures using panels of genes all known to
cause dental anomalies and recognize syndromic entities, which were
initially identified as isolated (Prasad et al., 2016). Tooth development
anomalies can be part of a large number of disorders, with variable
genetic causes, in a variety of ways (Bloch-Zupan, Sedano, & Scully,
2012; Hall, 1994). Dental development is driven by a cascade of
epithelial–mesenchymal interactions between oral ectoderm and cra-
nial neural crest derived ectomesenchyme (Tucker & Sharpe, 2004).
This process takes place from embryonic and fetal prenatal stages
until adulthood, ending with the eruption and the completion of root
development of the last third molar. Dental anomalies are morphologi-
cally diverse and appear at any time during dental development
(Thesleff, 2014). Dental anomalies reflect specific disturbances of one
or more stages of odontogenesis, roughly classified as tooth initiation,
morphogenesis, cytodifferentiation, mineralization, and bone model-
ing occurring with eruption (Hennekam, Allanson, & Krantz, 2010).
No complete nosology of dental disorders is available, and only
partial nosologies have been published describing specific pathologies
such as amelogenesis imperfecta (Witkop Jr., 1988) or dentinogenesis
imperfecta (de La Dure-Molla, Fournier, & Berdal, 2015). Here, we
present our experience in the management of several thousand
patients with dental manifestations as part of their rare disorders and
offer an overview of established entities and their classification into
isolated and syndromic dental disorders. The classification is only pos-
sible if defined terms are available to describe oral and dental findings.
A standard terminology for lips, mouth, and oral region is available
(Carey et al., 2009). Here, we provide a definition for each dental sign
using the strategy of the Elements of Morphology series (Allanson,
Biesecker, Carey, & Hennekam, 2009). In the classification, the pri-
mary diagnostic entry is the dental sign(s), followed by the main other
medical manifestations. We added the causative gene(s) and protein
and cross-reference with the international nomenclatures OMIM and
Orphanet (Rath et al., 2012). We aim to facilitate offering a globally
usable nomenclature of dental signs and symptoms and facilitate
interactions between oral health specialists and other health care
providers.
2 | MATERIALS AND METHODS
Rare Disease Reference Centers and affiliated Competence Centers
of the French Rare Disorders Healthcare Network named “TÊTECOU”
constitutes a multidisciplinary group of experts, working on diagnosis
and management of individuals with rare disorders of the head and
neck, including dental defects. The group of experts constituted a
working group to defining dental anomalies and proposed a nosology
of genetic dental disorders. The results have been endorsed by an
international panel of experts taking into account all observations.
2.1 | Defining dental anomalies
Existing terminology of dental anomalies was analyzed by obtaining
data from several databases, nomenclatures, and ontologies
(Supplementary Data Table S1): HPO (Human Phenotype Ontology
(Groza et al., 2015), Orphanet (Rath et al., 2012), NEN9313:2015,
D[4]phenodent (Bloch-Zupan, 2004), ICD10-ICD11, and the standard
terminology of Elements of Morphology for the lips, mouth, and oral
region (Carey et al., 2009). When worded differently, the present defi-
nitions supersede the ones from Carey et al., 2009. Data collected
were formatted according to Elements of Morphology series (Allanson
et al., 2009).
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2.2 | Nosology of genetic dental disorders
The oral rare disease expert group established a classification of
dental disorders based on personal clinical observations collected
across the national network and literature data. OMIM, Orphanet,
and PubMed (Canese & Weis, 2002) were searched up to
December 2018. The PubMed search was performed using as sea-
rch terms: “dental agenesis,” “supernumerary tooth,” “microdontia,”
“macrodontia,” “enamel dysplasia,” “dentin dysplasia,” “dental
eruption anomaly,” “gingival overgrowth,” “periodontal disease,”
and “dental disorder.” Only English-language publications were
accepted. Developmental defects were recorded and grouped in
eight clusters of dental disorders (dental agenesis, supernumerary
teeth, morphology dental anomaly [size and shape], enamel anom-
aly, dentin anomaly, anomaly of dental eruption, periodontal and
gingival anomalies, and tumor-like disorders). In each group, pathol-
ogies were subdivided into “isolated” or “syndromic.” Syndromes
were classified by their main clinical medical features (skin, eye,
bone, endocrine organs, kidneys, cranio-facial, cancer, and intellec-
tual disability). If dental anomalies were insufficiently described in
OMIM, original articles were analyzed. The classification includes
the name of the pathology, OMIM codes, Orpha numbers, gene(s)
involved, protein(s), and the other main medical manifestations
(Table 1). Notes were added if complementary information was
needed. If OMIM and/or Orphanet number was not available,
essential references were added.
The criteria for including a disorder were:
1. The presence of dental anomalies (Supplementary Data Table S1)
2. Published in a peer-reviewed journal, in one or more of three dedi-
cated textbooks (Bloch-Zupan et al., 2012; Hall, 1994; Hennekam
et al., 2010) and/or listed in OMIM and/or Orphanet database;
unpublished observations were not included.
3. Either a proven molecular genetic basis (variants; linkage ana-
lyses) or internationally accepted clinical entities due to distinc-
tive clinical manifestations observed in multiple individuals.
3 | RESULTS
3.1 | Defining dental anomalies
3.1.1 | Anatomy of teeth and oral mucosa
General
The oral region includes the maxillae, the mandible, muscles, glands,
and other structures related to the oral functions. The oral cavity
belongs to the oral region and is the space bounded superiorly by the
palate, laterally by the cheeks, anteriorly by the lips, inferiorly by the
floor of the mouth, and posteriorly limited by the uvula and the
palato-glossal arches and communicates with the oropharynx. The oral
cavity contains oral mucosa, tongue, teeth, periodontium, and alveolar
processes surrounding dental roots (Figure 1).T
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Anatomy
Oral Mucosa. The oral mucosa has been defined before as epithelium
covering the inner aspect of the oral cavity (Carey et al., 2009). This
refers only to the lining epithelium. The oral mucosa is composed of
two layers: the epithelium and associated connective tissue, separated
by a basal membrane. There are three types of oral mucosa: lining,
masticatory, and specialized. Lining mucosa covers the oral cavity
except for the dorsal surface of the tongue, hard palate, and teeth
bearing area (namely gingiva). The epithelium is non-keratinized, and
its connective tissue is not tightly bound but quite mobile. Lining
mucosa is separated from gingiva by the mucogingival junction
(Figure 2). Masticatory mucosa comprises gingiva and covers hard pal-
ate, its epithelium is keratinized, and the connective tissue is strongly
linked to underlying structures, mainly bone. The dorsal surface of the
tongue is covered by a specialized mucosa, which contains papillae
(filiform, fungiform, and circumvallate) and taste buds.
Tooth. Teeth are organs usually attached in a row to each jaw and
include various hard and soft tissues (enamel, dentin, pulp, and cemen-
tum) (Figure 3) (Nanci, 2012). Their anatomical overall shape is adapted
to their functions. Anatomically, teeth can be divided into the crown and
the root by the cervical margin. The crown is the part of the tooth that is
visible in the oral cavity. The root is surrounded by the periodontium.
The dentin pulp complex constitutes the main structure of the tooth,
covered by enamel in the crown and cementum in the root.
Dentition. Humans have two dentitions: a deciduous (primary) denti-
tion and a permanent (secondary) dentition, which replaces the former
one. The shape and position of teeth follow a specific pattern. Decidu-
ous dentition accounts for 20 teeth (two incisors, one canine, and two
molars per quadrant), whereas permanent dentition accounts for
32 teeth (two incisors, one canine, two premolars, three molars per
quadrant). The first teeth erupt at around 6 months of age and the last
one at around 18 years old. Dental development, patterning, and
eruption timing and sequence have been described in detail elsewhere
(Lunt & Law, 1974; McDonald, Avery, & Dean, 2004).
A numeration system designs human deciduous and permanent teeth
according to their type and location following the FDI two digits (“FDI
Director calls on more countries to adopt the FDI two-digit tooth-
numbering system,” 1988) and ISO 3950:2016 (Dentistry – Designation
system for teeth and areas of the oral cavity) recommendations (Figure 4).
Incisor. Teeth located in the anterior part of the arches of maxilla and
mandible. The typical crown shape is approximately rectangular. They
have a single root. Two incisors (one central and one lateral from the
midline) exist per quadrant (Figure 4).
Canine. Teeth located between the incisors and the molars in decidu-
ous teeth and between the incisors and the premolars in permanent
teeth. The typical crown shape is pointed. They have a single root.
One canine exists per quadrant (Figure 4).
Premolar. Teeth located between the canines and the molars in the
permanent dentition. Two premolars exist per quadrant. The occlusal
surface of the crown is composed of two cusps (one labial and one lin-
gual). They have one or two roots (Figure 4).
Molar. Teeth located in the posterior part of the dental arches of max-
illa and mandible. In the deciduous dentition, two molars exist which
will be replaced by premolars. In the permanent dentition, three
molars exist appearing at around 6 years of age for the first perma-
nent molars, 12 years of age for the second permanent molars and at
adulthood for the third permanent molars (or wisdom teeth). The typi-
cal shape is with multiple cusps and multiple roots. Maxillary molars
have two vestibular cusps and one lingual cusp. Mandibular molars
have three vestibular cusps and two lingual cusps (Figure 4). Maxillary
molars have three roots, two vestibular, and one palatal. Mandibular
molars have two roots, one mesial, and one distal. Their shape and
size may vary according to sex, ethnicity, and geography.
F IGURE 1 The oral cavity and its mean structures (modified from
Carey et al., 2009) [Color figure can be viewed at
wileyonlinelibrary.com]
F IGURE 2 The normal oral mucosa around teeth (G gingiva, LM
lining mucosa, MGJ mucogingival junction) [Color figure can be
viewed at wileyonlinelibrary.com]
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F IGURE 4 (a) Teeth in the
dental arches, th odontogram is
from D[4]/phenodent database.
(b) This table represents the
normal mesiodistal and standard
deviation (M=Male; F= Female)
[Color figure can be viewed at
wileyonlinelibrary.com]
F IGURE 3 Major anatomical landmarks of the
teeth (see text) [Color figure can be viewed at
wileyonlinelibrary.com]
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Enamel. Hard acellular structure covering tooth crown. Enamel is the
most mineralized material (98%) in the human body, secreted by amelo-
blasts. Ameloblasts disappear as the tooth erupts within the oral cavity.
Enamel is able to neither regenerate nor repair. Enamel is translucent and
appears to have a color that varies from white to light yellow depending
of the color of the dentin. The surface is smooth and glossy (Figure 3).
Dentin. Dentin is a mineralized connective tissue forming the dental
crown and root. Dentin is a vital tissue, less mineralized than enamel,
and has the capacity to repair. Odontoblasts are the dentin forming
cells and are located in the dental pulp periphery just below dentin.
Odontoblasts extend a long cytoplasmic process radially from the pulp
to the dentino-enamel and dentino-cemental junctions inside canalic-
uli; these are called dentin tubuli (Figure 3).
Dental pulp. Soft connective tissue occupying the inner portion of the
tooth, both in the crown (pulp chambers) and the root canals covered
by dentin. The dental pulp consists of fibroblasts, odontoblasts,
undifferentiated ectomesenchymal cells, macrophages and other
immunocompetent cells, blood vessels, and nervous fibers (Figure 3).
Cementum. Mineralized connective tissue covering the dental root.
The cementum allows anchoring of the fibers of the periodontal liga-
ment. Cementum is secreted by cementoblasts, which may be, later
on, embedded in the cementum. Cementum can be acellular (along
the two third coronal portion of the root) and cellular (in the apical
and interradicular part of the root) (Figure 3).
Cusp. Eminence of the occlusal surface of a tooth. Canines possess a
single cusp, premolars two (bicuspid), and molars three to five cusps
(Figures 3 and 4).
Mamelons. Small tubercules on the incisal edge when the incisors
erupt. Mamelons typically disappear or decrease in size as they get
worn away by mastication (Figure 5).
Periodontium. The periodontium encompasses the cementum, peri-
odontal ligament, alveolar bone, and gingiva (Figure 3).
Periodontal ligament. Connective tissue attaching the tooth root to the
alveolar bone of the maxillae or mandible (Figure 3).
Gingiva. Gingiva or gum is the part of the oral mucosa covering the
teeth bearing area of the jaw (alveolar processes). Attached gingiva,
free gingiva, and marginal gingiva (Figure 1).
Measurements of the teeth
Measure of teeth was reported giving mean value for mesiodistal
diameters, labio- or bucco-lingual diameter, length of root, and length
of crown. The size of tooth varies across ethnic groups (Black, 1890;
Lavelle, 1972) (Figure 4).
4 | DEFINITIONS
4.1 | Tooth, anomaly
4.1.1 | Definition
Alteration in the number, shape, size, or structure, in the chronology
of eruption or the alignment in the dental arch, of a single tooth or
multiple teeth. Objective or subjective.
4.1.2 | Comments
An anomaly can be explained as a malformation, a dysplasia, a defor-
mation or disruption, and classifying a dental anomaly as such helps in
understanding etiology and pathogenesis (Hennekam et al., 2013).
Teeth anomalies can affect the tooth crown, tooth root, or both. For
root anomalies, diagnosis requires typically radiographic examinations
as well.
Replaces: Dental defect
Synonym: Dental anomaly
Dental anomaly: see Tooth, anomaly.
4.2 | Tooth, missing
4.2.1 | Definition
Apparent absence of one or more teeth during the visual inspection
of the oral cavity. Objective.
4.2.2 | Comment
The tooth may appear to be absent due to a disturbed eruption, fail-
ure to develop, or loss of teeth. Age-related physiological sequential
eruption should be taken into account during evaluations.
F IGURE 5 Normal mamelons in a mandibular incisor [Color figure
can be viewed at wileyonlinelibrary.com]
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Synonym: Tooth, reduced number
Tooth, reduced number: see Tooth, missing.
4.3 | Teeth, agenesis
4.3.1 | Definition
The absence of one or more teeth from the normal series by a failure
to develop (Figures 6–8). Objective.
4.3.2 | Comments
Teeth agenesis needs to be confirmed by X-rays. Teeth agenesis
encompasses hypodontia, oligodontia, and anodontia. The total
number and the type of teeth missing should be added to the
description, using the FDI nomenclature. The clinical absence of a
tooth due to a disturbed eruption should not be termed teeth agen-
esis but a missing tooth.
Synonym: Dental agenesis
Dental agenesis: see Teeth, agenesis.
4.4 | Hypodontia
4.4.1 | Definition
The absence of five or less teeth from the normal series by a failure to
develop (Figure 6). Objective.
4.4.2 | Comments
Hypodontia needs to be confirmed by X-rays. The total number and
the type of missing teeth should be added to the description, using
the FDI nomenclature (“FDI Director calls on more countries to adopt
the FDI two-digit tooth-numbering system,” 1988; Peck & Peck,
1993). The terms hypodontia and oligodontia have been used inter-
changeably in literature but these define two different clinical entities.
Hypodontia has been used to define exclusively the absence of per-
manent teeth and excluding third molars, but the absence of any
deciduous and permanent teeth, including third molars, should be
called hypodontia as well. Hypodontia in the permanent dentition
(other than third molars) affects 2–8% of the general population
(Polder, Van't Hof, Van der Linden, & Kuijpers-Jagtman, 2004). The
permanent dentition is more often concerned but when it affects the
deciduous dentition, the permanent dentition is usually also affected
(Polder et al., 2004). Third molars agenesis occurs in up to 10–30%
within the general population. Hypodontia of a permanent tooth is
often associated with persistence of the deciduous predecessor and
may be associated with other dental anomalies such as delayed erup-
tion, infraocclusion of deciduous molars (if premolars are involved),
microdontia, ectopic tooth eruption, short roots, taurodontism, tooth
F IGURE 8 Anodontia—complete absence of all deciduous and
permanent teeth in an ectodermal dysplasia patient showing severe
decrease of alveolar bone
F IGURE 7 Oligodontia—patient with oligodontia (missing
12 permanent teeth see the stars: maxillary first and second
premolars, mandibular second premolars, second molars, and four
wisdom teeth). Abnormalities of tooth shape and tooth structure
(enamel hypoplasia) are also seen on upper permanent central incisors
[Color figure can be viewed at wileyonlinelibrary.com]
F IGURE 6 Hypodontia—panoramic radiography of a 7 years old
child showing four dental agenesis (see the stars second left maxillary
premolar, mandibular central incisors, mandibular second left
premolar). Deciduous and permanent molars are taurodont. Maxillary
central incisor presents a screwdriver shape anomaly
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rotation, or enamel hypocalcification. These signs should be assessed
and coded separately. The clinical absence of a tooth due to a dis-
turbed eruption should not be termed teeth agenesis but a missing
tooth.
4.5 | Oligodontia
4.5.1 | Definition
The absence of six or more teeth from the normal series by a failure
to develop. (Figure 7). Objective.
4.5.2 | Comments
Oligodontia needs to be confirmed by X-rays. The number and the
type of teeth missing should be added to the description using the
FDI nomenclature (Peck & Peck, 1993) (“FDI Director calls on more
countries to adopt the FDI two-digit tooth-numbering system,” 1988).
The terms oligodontia and hypodontia have been used interchangeably
in literature, but these define two different clinical entities if consider-
ing the number of missing teeth. Maxillary lateral incisor and second
premolar are more commonly part of oligodontia (Fournier et al.,
2018), maxillary second premolars, mandibular incisor, and maxillary
and mandibular first premolars, and second molars are less frequently
absent. Canines, maxillary central incisor, and first molars are the more
conserved teeth. Agenesis of a permanent tooth is often associated
with persistence of the deciduous predecessor and may be associated
with other dental anomalies such as delayed eruption, infraocclusion of
deciduous molars (if premolars are involved), microdontia, ectopic
teeth, short roots, taurodontism, tooth rotation, or enamel hypo-
calcification. These signs should be assessed and coded separately.
Isolated oligodontia affects 0.1% of the population (Polder et al.,
2004). The clinical absence of a tooth due to a disturbed eruption
should not be termed teeth agenesis but a missing tooth.
4.6 | Anodontia
4.6.1 | Definition
The absence of all teeth from the normal series by a failure to
develop. (Figure 8). Objective.
4.6.2 | Comments
Anodontia needs to be confirmed by X-rays. True anodontia is an
extremely rare condition.
4.7 | Solitary median maxillary central incisor
4.7.1 | Definition
A single maxillary central incisor positioned in the midline with mor-
phological symmetry of the crown and bordered by lateral incisors
(Figure 9). Objective.
4.7.2 | Comments
The tooth differs from a normal central incisor in the symmetric for-
mation of the crown. The tooth is present in both deciduous and per-
manent dentition. Solitary/single median maxillary central incisor
syndrome (SMMCI) indicates the presence of a single median maxil-
lary central incisor together with other midline defects of develop-
ment (Hall, 2006). A single maxillary central incisor not positioned in
the midline indicates agenesis of the contralateral central incisor and
can be differentiated furthermore by the morphology of the crown. A
diagnosis of a solitary median maxillary central incisor typically
requires X-rays examinations.
F IGURE 9 Solitary median maxillary central incisor: clinical aspect
and radiograph [Color figure can be viewed at wileyonlinelibrary.com]
F IGURE 10 Mesiodens—a palatally erupted mesiodens between
the upper central incisors (11 upper central right permanent and
61 upper central left deciduous incisors). After avulsion of the
supernumerary tooth, the two permanent upper central incisors come in
the right position [Color figure can be viewed at wileyonlinelibrary.com]
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Hyperdontia: see Tooth, supernumerary.
4.8 | Mesiodens
4.8.1 | Definition
A supernumerary tooth between the maxillary central incisors
(Figure 10). Objective.
4.8.2 | Comments
Mesiodens is the most common supernumerary tooth. Typically, they
are small. They are usually conical in shape but may have heteroge-
neous forms. Mesiodens may remain unerupted and cause failure of a
permanent incisor to erupt. Mesiodens may develop in an inverted
position (flipped 180).
Tooth, extra: see Tooth, supernumerary.
Tooth, increased number: see Tooth, supernumerary.
4.9 | Tooth, supernumerary
4.9.1 | Definition
The presence of one or more teeth additional to the normal number
(Figure 11). Objective.
4.9.2 | Comments
Age-related physiological sequential eruption should be taken into
account during evaluation. The type and the location of the additional
tooth/teeth should be added to the description. Supernumerary teeth
are uncommon (in 0.21% of deciduous dentitions and in 0.9% of perma-
nent dentitions) (Lagana et al., 2017), and often abnormal positioning of
a normal number of teeth is wrongly classified as supernumerary teeth.
Supernumerary teeth are most frequent in the upper maxilla, and typi-
cally, a single additional tooth is present. We discourage the use of
distodens, distomolars (an extra fourth molar posterior to the third
molar), paramolars (supernumerary tooth in the molar region) but rather
to mention the presence of the supernumerary tooth mesial to or distal
to a tooth from the normal series. Diagnosing a supernumerary tooth
may require radiographic examination. A supernumerary tooth present
between the maxillary central incisors is calledmesiodens.
Synonym: Tooth, extra teeth; Hyperdontia; Tooth, increased
number
4.10 | Enamel, pearls
4.10.1 | Definition
Small nodules of enamel on the root of a tooth (Figure 12). Subjective.
4.10.2 | Comments
Enamel pearls can typically not be seen on X-rays but need
direct visualization. The pearls can be present on the surface of
the dentine or cement of deciduous teeth, with a frequency of
33% (Arys & Dourov, 1987) or on the roots of maxillary molars,
with a frequency of 1.2% (Chrcanovic, Abreu, &
Custodio, 2010).
F IGURE 11 Supernumerary teeth (arrow head) in sisters (upper
panel multiple mandibular premolars are visible on the panoramic
radiograph; lower panel the supernumerary tooth is seen in the upper
incisor area)
F IGURE 12 Enamel pearls [Color figure can be viewed at
wileyonlinelibrary.com]
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4.11 | Cusps, supernumerary
4.11.1 | Definition
Additional cusps of a dental crown. (Figure 13). Objective.
4.11.2 | Comments
Supernumerary cusps can occur on any tooth with cusps. They are fre-
quently seen in patients with other dental anomalies (Herrera-Atoche
et al., 2017). Prevalence varies by geographical region (Yamunadevi et al.,
2015). A tubercle on the lingual surface of the maxillary first permanent
molar is sometimes referred to as a Carabelli cusp (Carabelli, 1844)
(Poornima, Kirthiga, Sasalwad, & Nagaveni, 2016; Tinoco, Lima, Delwing,
Francesquini Jr., & Daruge Jr., 2016). A supernumerary cusp on the lin-
gual or palatal side of anterior teeth is called Talon cusp, and an additional
cusp on the occlusal surface of a premolar is called Leung cusp.
Replaces term: Tuberculum paramolare
Synonym: Cusp, extra; Cusp, additional cusp; Mulberry molar
Cingulum, prominent: see Talon cusp.
Cusp, additional: see Cusp, supernumerary.
Cusp, extra: see Cusp, supernumerary.
Dens evaginatus: see Leung cusp.
Dens evaginatus: see Talon cusp.
Eagle talon: see Talon cusp.
4.12 | Leung cusp
4.12.1 | Definition
An additional cusp located in the middle of the occlusal surface.
Objective.
4.12.2 | Comments
A Leung cusp is present on premolars only. In X-rays examination, a
pulp extension may be seen inside the cusp.
Synonym: Dens evaginatus
Mulberry molar: see Cusps, supernumerary.
4.13 | Tooth, natal
4.13.1 | Definition
A tooth present at birth or erupting within the first month of life
(Figure 14). Objective.
4.13.2 | Comments
A tooth erupting between the second and fourth month is called a
neonatal tooth. A natal tooth is uncommon, the prevalence at birth is
1/2000 to 1/3500 birth. In 85%, the erupted tooth is the deciduous
lower incisors, and in 5%, it concerns upper incisors or molars, and in
10%, it involves supernumerary teeth (Mhaske et al., 2013). Natal
teeth are particularly common among some native (First Nation)
groups of North America (Carey et al., 2009). Natal teeth are usually
mobile and lack root formation.
4.14 | Microdontia
4.14.1 | Definition
Mesiodistal tooth diameter (width) more than 2 SD below mean.
Objective.
OR apparently decreased maximum width of tooth (Figure 15).
Subjective.
F IGURE 14 Natal tooth in a newborn [Color figure can be
viewed at wileyonlinelibrary.com]
F IGURE 13 Supernumerary cusps—additional cusps or mulberry
permanent mandibular [Color figure can be viewed at
wileyonlinelibrary.com]
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4.14.2 | Comments
Standard references for means and standard deviations by gender are
available (Figure 4) (Black, 1890; Lavelle, 1972). Microdontia may
affect a single tooth or the entire dentition, which is indicated as local-
ized or generalized microdontia. The most common tooth involved is
the lateral incisor. Microdontia goes often along with hypodontia and
oligodontia, which should then be assessed and scored separately.
Microdontia is typically genetically determined but environmental fac-
tors may be also implicated (Jeong, Kim, Song, Sung, & Kim, 2015).
Replaces term:Microdont; Tooth hypoplasia; Tooth hypotrophy
Synonym: Tooth, small; Tooth, underdeveloped
4.15 | Macrodontia
4.15.1 | Definition
Mesiodistal tooth diameter (width) more than 2 SD above mean.
Objective.
OR apparently increased maximum width of the tooth (Figure 16).
Subjective.
4.15.2 | Comments
The standard reference for means and standard deviations by gender
is available (Figure 4) (Black, 1890; Lavelle, 1972). Macrodontia is
uncommon, may affect a single or multiple teeth, and is rarely present
in all teeth. A large tooth may also result from fusion of two teeth
(Double teeth).
Replaces term: Megadont; Macrodont; Tooth hyperplasia; Tooth
hypertrophy
Synonym: Tooth, large; Megalodontia; Globodontia
Tooth, large: seeMacrodontia.
Megalodontia: seeMacrodontia.
4.16 | Tooth, conical
4.16.1 | Definition
A tooth with a sharply pointed crown or incisal edge (Figure 17).
Subjective.
F IGURE 16 Macrodontia—large upper right central incisor
(double teeth due to fusion in the permanent dentition between the
central and the lateral incisor). The right maxillary central incisor
presents also a notch of the incisal edge [Color figure can be viewed
at wileyonlinelibrary.com]
F IGURE 17 Conical teeth [Color figure can be viewed at
wileyonlinelibrary.com]
F IGURE 18 Barrel shaped mandibular incisors [Color figure can
be viewed at wileyonlinelibrary.com]
F IGURE 15 Microdontia—intraoral photograph of generalized
microdontia of permanent teeth and especially of the deciduous
mandibular lateral incisor [Color figure can be viewed at
wileyonlinelibrary.com]
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4.16.2 | Comments
A conical shape of a tooth occurs in incisors and canines only. Conical
teeth may occur isolated or associated with other dental anomalies,
such as hypodontia and oligodontia (Tallon-Walton et al., 2010); this
should be assessed and coded separately.
Replaces term: Pointed teeth
Synonym: Conoid teeth
Tooth, conoid: see Tooth, conical.
4.17 | Tooth, barrel-shaped
4.17.1 | Definition
A tooth crown with convex mesial and distal surfaces (Figure 18).
Subjective.
4.17.2 | Comments
A barrel shape of a tooth occurs in incisors and canines only. The inci-
sal edge is not pointed. Barrel-shaped teeth are frequently observed
in association with hypodontia and oligodontia (Kantaputra,
Kaewgahya, Jotikasthira, & Kantaputra, 2014); this should be assessed
and coded separately.
4.18 | Tooth, bulbous
4.18.1 | Definition
A tooth crown with a marked cervical area constriction. Subjective.
4.18.2 | Comments
It is mostly seen in molars (Figure 19). The diagnosis bulbous crown
needs to be confirmed by X-rays.
4.19 | Tooth, peg-shaped
4.19.1 | Definition
A tooth crown with its mesial and distal sides converging or tapering
toward the incisal edge causing severe reduction of mesiodistal diam-
eter (Figure 20). Subjective.
F IGURE 19 Bulbous crown in dentinogenesis imperfecta
affecting teeth
F IGURE 20 Peg-shaped maxillary lateral incisor [Color figure can
be viewed at wileyonlinelibrary.com]
F IGURE 21 Shovel-shaped maxillary central incisor [Color figure
can be viewed at wileyonlinelibrary.com]
F IGURE 22 Tapered maxillary central incisor [Color figure can be
viewed at wileyonlinelibrary.com]
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4.19.2 | Comments
A peg shape appearance of a tooth occurs in lateral incisors only
(Bot & Salmon, 1977). A peg-shaped tooth is a microdont tooth and
may occur isolated or associated with other dental anomalies, such as
hypodontia and oligodontia (Reston et al., 2014; Tallon-Walton et al.,
2014); this should be assessed and coded separately.
4.20 | Tooth, shovel
4.20.1 | Definition
A tooth with a crown with marked lingual or palatal marginal ridges
causing scooped lingual or palatal surfaces (Figure 21). Subjective.
4.20.2 | Comments
A shovel shape typically occurs in central upper incisors. Shovel-shaped
teeth may occur isolated or associated with other dental anomalies.
4.21 | Tooth, tapered
4.21.1 | Definition
A tooth with a crown that narrows from proximal toward the incisal
edge (Figure 22). Subjective.
4.21.2 | Comments
Tapering of teeth typically involves incisors (Axelsson, 2005).
Synonym: Tooth, screwdriver-shaped
4.22 | Talon cusp
4.22.1 | Definition
A supernumerary cusp on the palatal or lingual side of the maxillary
and mandibular anterior teeth (Figure 23). Subjective.
4.22.2 | Comments
A talon cusp is found in 1% to 6% of the general population with a
large difference in incidence depending on ethnicity. It is uncertain
whether it arises as an extra cusp or also as an overdevelopment of an
existing cusp. It is rare in the deciduous dentition. Typically, a talon
cusp extends at least half the distance from the cement–enamel junc-
tion to the incisal edge in the palatal or labial surface. It contains
enamel, dentin and/or pulp (Kasat, Singh, Saluja, & Ladda, 2014; Mal-
lineni, Panampally, Chen, & Tian, 2014).
Replaces term: Eagle talon; Dens evaginatus; Cingulum, prominent
F IGURE 23 Talon cusps on both central incisor and invagination
at the cingulum site on lateral incisors [Color figure can be viewed at
wileyonlinelibrary.com]
F IGURE 24 Double teeth in the
deciduous dentition. Teeth fused: Fusion
of the central incisor with the lateral
incisor. Radiograph exhibit the absence of
the lateral incisor. Teeth gemination:
Tooth germination of right maxillary
incisor—clinical aspect and radiograph.
Gemination concerned the crown and the
beginning of the root. The lateral incisor is
present, so the patient has a normal
number of teeth [Color figure can be
viewed at wileyonlinelibrary.com]
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4.23 | Teeth, double
4.23.1 | Definition
Fusion of two adjacent teeth (Figure 24). Objective.
4.23.2 | Comments
The fusion can be complete or be limited to the crown or the root.
Typically, incisors and canines form double teeth. Double teeth are
more common in the deciduous dentition (0.14–3%) and rare in the
permanent dentition (0.2%). Double teeth encompasses fusion, con-
crescence, and gemination of teeth, which some authors describe with
the “twinning” (Hunasgi, Koneru, Manvikar, Vanishree, & Amrutha,
2017). The fusion involves two adjacent, normal teeth. Seemingly, the
patient misses a tooth. Concrescence is a condition where the roots
are joined only by cementum. The gemination appears when two
teeth are developing from one tooth bud leading to a supernumerary
tooth formation fused with the normal tooth germ. The patient has a
normal number of teeth.
Replaces term: Twinning tooth
Synonym: Teeth gemination; Teeth fused
Teeth, fused: see Teeth, double.
Teeth, gemination: see Teeth, double.
4.24 | Dens in dente
4.24.1 | Definition
Invagination of part of the crown of a tooth inside the crown
(Figure 25). Subjective.
4.24.2 | Comments
Dens in dente results from an invagination of the enamel organ into
the dental papilla, extending into the root before initiation of miner-
alization. The incidence varies from 0.25 to 10% (Hulsmann, 1997).
The permanent maxillary lateral incisors are the most frequently
involved teeth (6–10% of affected teeth), but it can occur in any
tooth type. It occurs more frequently in the permanent dentition and
in maxillary teeth. The diagnosis dens in dente needs to be confirmed
by X-rays.
Synonym: Dens invaginatus
4.25 | Tooth, notched
4.25.1 | Definition
A tooth with a notch of the incisal edge (Figure 26). Subjective.
F IGURE 25 Dens in dente on the left lateral maxillary permanent
incisor
F IGURE 26 Notched shape of permanent central incisors [Color
figure can be viewed at wileyonlinelibrary.com]
F IGURE 27 Semi lunar shape of the incisal edge of the maxillary
central incisor in an enamel renal syndrome [Color figure can be
viewed at wileyonlinelibrary.com]
DE LA DURE-MOLLA ET AL. 1965
4.25.2 | Comments
This notch may indicate a double tooth formation. A notched tooth
should not be confused with mamelons.
4.26 | Tooth, semi-lunar
4.26.1 | Definition
An incisor with a half-moon shape incisal edge (Figure 27). Subjective.
4.26.2 | Comments
If a notch occupies most of incisal edge, it has been indicated as semi-
lunar teeth or crescent-shaped.
Synonym: Tooth, crescent-shape; Tooth, semi-circular; Hutchin-
son incisor
4.27 | Root, anomaly
4.27.1 | Definition
Alteration of the number, shape or the size of roots. Objective.
4.27.2 | Comments
Size of roots encompasses their thickness and length. A root may be
abnormally short or long.
Replaces term: Root dystrophy; Root dysplasia
4.28 | Radiculomegaly
4.28.1 | Definition
Tooth root length more than 2 SD above mean. Objective.
OR apparently increased tooth root length 5 (Figure 28).
Subjective.
4.28.2 | Comments
Standard references for means and standard deviations by gender are
available (Black, 1890; Lavelle, 1972). It may concern one or multiple
teeth. The diagnosis radiculomegaly needs to be confirmed by X-rays.
Synonym: Rhizomegaly
Rhizomegaly: see Radiculomegaly.
4.29 | Root, short
4.29.1 | Definition
Tooth root length more than 2 SD below mean. Objective.
OR apparently decreased tooth root length (Figure 29). Subjective.
4.29.2 | Comments
Standard references for means and standard deviations by gender are
available (Black, 1890; Lavelle, 1972). It may concern one or multiple
teeth. The diagnosis of short roots needs to be confirmed by X-rays.
Replaces term: Root dwarfism; root hypoplasia; root hypotrophy
Synonym: Rhizomicry; Root, underdeveloped
Root, underdeveloped: see Root, short.
4.30 | Molar incisor malformation
4.30.1 | Definition
This is a bundled term as molar incisor malfomation (MIM) and is com-
posed of normal crown with marked cervical constriction, thin, narrow
short roots which is a combination of signs that occurs in deciduous
and permanent molars. Each of these signs should be assessed and
scored separately. Subjective.
4.30.2 | Comments
MIM affects one or more roots of deciduous second molars and per-
manent first molars (Figure 30) (Brusevold, Bie, Baumgartner, Das, &
F IGURE 28 Radiculomegaly
F IGURE 29 Short root in a dentinogenesis imperfecta tooth
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Espelid, 2017; McCreedy, Robbins, Newell, & Mallya, 2016). Perma-
nent maxillary central incisors may also be affected. The diagnosis
requires clinical and radiographic examinations.
4.31 | Taurodontia
4.31.1 | Definition
A crown body–root ratio equal or larger than 1:1. Objective.
Or elongated pulp chambers and apical displacement of the bifur-
cation or trifurcation of the roots (Figure 31). Subjective.
4.31.2 | Comments
Taurodontia causes a molar shape that is visible on radiographs.
Taurodontic teeth display proportionately short roots and enlarged
pulp chambers. Normal values for crown body–root ratio are available
(Seow & Lai, 1989).
4.32 | Odontodysplasia
4.32.1 | Definition
A tooth with enamel and dentin hypomineralization anomalies causing
marked reduction in radio-opacity (Figure 32). Subjective.
4.32.2 | Comments
The diagnosis odontodysplasia requires clinical and radiological exams,
in which unusually large pulp chambers and large pulp room chambers
with thin enamel and dentin are visible. It may affect either a single
tooth or several teeth. The term regional odontodysplasia is used if
several teeth are affected. It affects the deciduous and permanent
dentitions in the maxilla, the mandible or both, although the maxilla is
more frequently involved.
F IGURE 30 Molar-incisor-malformation: first permanent molar
with short, thin root or rootless teeth [Color figure can be viewed at
wileyonlinelibrary.com]
F IGURE 31 Taurodontic molars
F IGURE 32 Regional odontodysplasia in the upper right quadrant
F IGURE 33 Extrinsic coloration on the surface of permanent
incisors [Color figure can be viewed at wileyonlinelibrary.com]
F IGURE 34 Dentin dysplasia [Color figure can be viewed at
wileyonlinelibrary.com]
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Replaces term: Tooth, shell; Tooth, ghost teeth; Tooth, dystrophy
4.33 | Anomaly, dental structure
4.33.1 | Definition
Anomaly in the structure of mineralized tissues of a tooth
(Figures 34–39). Subjective.
4.33.2 | Comments
This is a bundled term with which anomalies of enamel and/or dentin
and/or cement are indicated. The affected dental structure should be
assessed and coded separately.
4.34 | Anomaly, dental color
4.34.1 | Definition
Discoloration of teeth (Figure 33). Subjective.
4.34.2 | Comments
The application of color science within dentistry has permitted the
measurement of tooth color in an objective way (Joiner & Luo, 2017).
A tooth may show a variety of abnormal colors such as yellow, brown,
gray, green color, and red. This should be assessed and added to the
F IGURE 35 Dentinogenesis imperfecta in the permanent
dentition [Color figure can be viewed at wileyonlinelibrary.com]
F IGURE 36 Enamel
hypoplasia with pitting of the
mandibular central incisors (a) and
the maxillary central incisors (b)
[Color figure can be viewed at
wileyonlinelibrary.com]
F IGURE 37 Enamel agenesis [Color figure can be viewed at
wileyonlinelibrary.com]
F IGURE 38 Enamel hypomineralization [Color figure can be
viewed at wileyonlinelibrary.com]
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description of a discolored tooth. Discoloration of teeth may be due to
extrinsic discoloration (stains that develop on the outer surface of a tooth,
Figure 33) or intrinsic discoloration (stains that arise from an endogenous
material incorporated into the enamel or dentin and cannot be removed
by prophylaxis). It may be also a consequence of dental structure anomaly.
4.35 | Dentin anomaly
4.35.1 | Definition
Structural anomaly of dentin at macroscopic or microscopic level
(Figures 34 and 35). Subjective.
4.35.2 | Comments
Dentin anomalies are known only to occur in genetically determined
disorders. The structure of dentin is very similar to that of bone, and
skeletal dysplasia frequently shows dentin anomalies as well.
Replaces term: Dentin dysplasia; Dentin dystrophy; Dentinogenesis
imperfecta
Synonym: Dentin defect
Dentin defect: see Dentin anomaly.
4.36 | Dentin dysplasia
4.36.1 | Definition
This is a bundled term as dentin dysplasia is composed of short roots
with pointed ends and taurodontism and intrapulpal calcifications
(Figure 34). Subjective.
4.36.2 | Comments
This term designates a genetic condition, and an Element of Morphol-
ogy rending its utilization sometimes confusing. The condition is char-
acterized by multiple dental anomalies that affect both deciduous and
permanent dentitions. It can exist in isolation or be associated with
other signs and symptoms of various syndromes.
4.37 | Dentinogenesis imperfecta
4.37.1 | Definition
This is a bundled term as dentinogenesis imperfecta and is composed
of crown discoloration, bulbous crown, short roots, intra-pulpal calcifica-
tion, which is a combination of signs that occurs in several disorders in
deciduous and permanent teeth. Each of these signs should be
assessed and scored separately (Figure 35).
4.37.2 | Comments
This term designates a genetic condition, and an Element of Morphol-
ogy rending its utilization sometimes confusing. The condition is char-
acterized by multiple dental anomalies that affect both deciduous and
permanent dentitions. It can exist in isolation or be associated with
other signs and symptoms of various syndromes. Dentinogenesis
imperfecta shows variable expression with mild, moderate, and severe
forms that correspond respectively to earlier dentin dysplasia type II,
dentinogenesis imperfecta type II, and dentinogenesis imperfecta type
III of the Shield classification, allelic to dentine sialophosphoprotein
defects (de La Dure-Molla et al., 2015).
4.38 | Enamel dysplasia
4.38.1 | Definition
Alteration of color, shape, surface, and/or structure of enamel
(Figures 36–40). Subjective.
4.38.2 | Comments
Enamel dysplasia may reflect qualitative or quantitative alteration of
enamel structure. Enamel dysplasia encompasses enamel hypoplasia,
enamel agenesis, enamel hypomineralization, enamel hypomaturation,
and amelogenesis imperfecta.
Synonym: Enamel anomaly; Enamel defect
F IGURE 39 Enamel hypomature [Color figure can be viewed at
wileyonlinelibrary.com]
F IGURE 40 Amelogenesis imperfecta with enamel chipping on
the maxillary lateral incisor [Color figure can be viewed at
wileyonlinelibrary.com]
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4.39 | Enamel, hypoplasia
4.39.1 | Definition
A quantitative defect in enamel formation (Figure 36). Subjective.
4.39.2 | Comments
Enamel hypoplasia can be caused by genetic or environmental factors.
It may occur in both deciduous and permanent dentitions, although
more often in the permanent dentition. Enamel hypoplasia may con-
cern a single tooth, several teeth, or the complete dentition and may
affect part or the complete surface of the tooth. Enamel hypoplasia
regroups different clinical aspects: localized hypoplasia, generalized
hypoplasia, enamel pits, enamel striae, and grooves defects. The term
should be used to describe a quantitative defect of enamel. Enamel
hypotrophy cannot be used as hypotrophy indicates loss of cells,
whereas enamel is an acellular structure and thus not a tissue.
Replaces term: enamel hypotrophy
Synonym: Enamel, thin; Enamel, pitted; Enamel, underdeveloped
4.40 | Enamel, agenesis
4.40.1 | Definition
Complete or almost complete absence of enamel (Figure 37). Subjective.
4.40.2 | Comments
Enamel agenesis can indicate a total absence of enamel or the presence
of a very thin enamel layer that is difficult to visualize during clinical
examination. It may need microscopic studies to determine whether any
enamel is still present. It can be present isolated and as part of rare syn-
dromic entities (de La Dure-Molla et al., 2015; Huckert et al., 2015).
Enamel, hypocalcification: see Enamel, hypomineralization.
4.41 | Enamel, hypomineralization
4.41.1 | Definition
Enamel with a brown discoloration and brittle aspect. (Figure 38).
Subjective.
4.41.2 | Comments
Enamel hypomineralization can be caused by genetic or environmen-
tal factors. It may occur in both deciduous and permanent dentitions,
although more often in the permanent dentition. It may concern a sin-
gle tooth, several teeth, or the complete dentition and may affect part
or the complete surface of the tooth. Enamel hypomineralization is a
qualitative defect of enamel, in which the enamel can be rough and
softer. Affected teeth may be sensitive. Enamel hypomineralization
can be part of molar incisor hypomineralization (hypomineralisation of
systemic origin of one to four permanent first molars, frequently
associated with affected incisors) (Weerheijm, 2003) and of
hypomineralized second primary molars (or deciduous molar
hypomineralisation, which indicates idiopathic hypomineralization of
one to four second deciduous molars) (Negre-Barber, Montiel-Com-
pany, Boronat-Catala, Catala-Pizarro, & Almerich-Silla, 2016).
Synonym: Enamel, hypocalcification
4.42 | Enamel, hypomature
4.42.1 | Definition
Enamel with a white or brown discoloration without hypoplasia
(Figure 39). Subjective.
4.42.2 | Comments
Enamel maturation is a process through which enamel matrix proteins
are removed to allow full growth of the enamel hydroxyapatite crys-
tals. Hypomature enamel can be caused by genetic or environmental
factors. It may occur in both deciduous and permanent dentitions,
although more often in the permanent dentition. Hypomature enamel
may concern a single tooth, several teeth, or the complete dentition
and may affect part or the complete surface of the tooth. The enamel
is usually hard, colored but not translucid. It is a qualitative defect of
enamel.
Synonym: Enamel opacity
Enamel opacity: see Enamel, hypomature.
Enamel, pitted: see Enamel hypoplasia.
Enamel, thin: see Enamel hypoplasia.
Enamel underdevelopment: see Enamel hypoplasia.
4.43 | Amelogenesis imperfecta
4.43.1 | Definition
This is a bundled term as amelogenesis imperfecta and is composed of
crown discoloration and/or enamel dysplasia (Figure 40). Subjective.
F IGURE 41 Cementum hyperplasia at the root of the mandibular
left second premolar
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4.43.2 | Comments
Amelogenesis imperfecta generally affects all elements and both
deciduous and permanent teeth. The term designates both a genetic
condition, and an Element of Morphology rending its utilization some-
times confusing. It describes enamel defects (hypoplasia, hypo-
mineralization, hypomaturation) that usually affect (but not always)
both deciduous and permanent dentitions.
4.44 | Cementum, hypoplasia
4.44.1 | Definition
The decrease or absence of cementum. Subjective.
4.44.2 | Comments
The cementum anchors the periodontal ligament attachment fiber
between the tooth root and the alveolar bone. Its absence leads to
early loss of teeth.
Replaces term: Cementum aplasia
Cementum, overdeveloped: see Cementum, overgrowth.
4.45 | Cementum, overgrowth
4.45.1 | Definition
Excess of cementum on the tooth root surface (Figure 41).
Subjective.
4.45.2 | Comments
The excessive buildup of normal cementum (calcified tissue) on
the roots of one or more teeth is an idiopathic, non-neoplastic
condition. Cementum overgrowth may be either hyperplasia or
hypertrophy of the cement; these terms can only be used if histo-
logical evidence of hypertrophy or hyperplasia have been
established.
Replaces term: Cementation hyperplasia; Cementum hypertrophy;
Drumstick-shaped root
Synonym: Hypercementosis; Cementum, overdeveloped
Hypercementosis: see Cementum, overgrowth.
4.46 | Pulp, calcification
4.46.1 | Definition
Calcifications of dental pulp (Figure 42). Subjective.
F IGURE 42 Pulp calcification within the pulp chamber of the
molar and the second premolar
F IGURE 43 Pulp obliteration in dentinogenesis imperfecta
F IGURE 44 Pulp thistle tube shaped of mandibular teeth
F IGURE 45 Delayed eruption of the second deciduous maxillary
right molar (red star) in an oligodontia patient. See the counterlateral
second primary left upper deciduous molar (white star) in occlusion
[Color figure can be viewed at wileyonlinelibrary.com]
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4.46.2 | Comments
Calcifications may appear as punctate calcifications, irregular,
roughly spherical mineralized masses in any part of the pulp. It may
occur isolated or associated to calcifications elsewhere such as the
carotid arteries and kidneys (Yeluri, Kumar, & Raghav, 2015). The
diagnosis pulp calcifications can be established using radiological
studies.
Replaces term: Pulpoliths
Synonym: Pulp stones; Pulp denticles
Pulp denticles: see Pulp, calcification.
Pulp, flame-shaped: see Pulp, Thistle tube shaped.
4.47 | Pulp, obliteration
4.47.1 | Definition
Mineralized substance filling the entire dental pulp space (Figure 43).
Subjective.
4.47.2 | Comments
The diagnosis pulp obliteration can be established using radiological
studies. Gradual obliteration of the pulp is a physiologic process that
occurs with aging. On radiographs the contours of the pulp disappear
in part or totally, but histologically pulpal tissue remains present.
Pulp stones: see Pulp, calcification.
4.48 | Pulp, thistle tube shaped
4.48.1 | Definition
A thistle tube shape of the pulp chamber (Figure 44). Subjective.
4.48.2 | Comments
Enlarged coronal pulp chamber with narrow pulp canals giving a radio-
graphic appearance of the shape of a thistle tube or a flame. It may
occur isolated or associated to other dental anomalies rare diseases
such as dentinogenesis imperfecta, which should be assessed and
coded separately. The diagnosis thistle tube shape pulp requires clini-
cal and radiographic examinations.
Synonym: Pulp, flame-shaped
Eruption, advanced: see Tooth, premature eruption.
4.49 | Eruption, delayed
4.49.1 | Definition
Eruption of a tooth more than 2 SD beyond the mean eruption age
(Figure 45). Objective.
4.49.2 | Comments
Eruption is defined by the appearance of a tooth that has pierced the
oral mucosa. There are established norms for the timing of eruption in
both deciduous and permanent teeth (Lunt & Law, 1974; McDonald
et al., 2004). Eruption delay may affect either the deciduous teeth,
permanent teeth, or both. The absence of shedding of deciduous
teeth may be seen in association with delayed permanent tooth erup-
tion or agenesis of successional permanent teeth. The diagnosis erup-
tion delayed requires clinical and radiographic examinations.
4.50 | Eruption, failure
4.50.1 | Definition
A tooth which does not erupt within the teeth eruption timeline and
after the loss of eruption potential (Figure 46). Objective.
4.50.2 | Comments
Usually a tooth erupts at a stage of half or two/third root formation.
There are established norms for the timing of eruption and tooth stages
in both deciduous and permanent teeth (Lunt & Law, 1974; McDonald
et al., 2004) It may be difficult to discern Delayed eruption from failure of
eruption: failure indicates it will never erupt, delayed indicates it may still
erupt. Eruption failure may be caused by an isolated obstacle (supernu-
merary teeth), ankylosis of impacted teeth, or disturbances of biological
eruption pathway. Partial or complete non-eruption of not initially anky-
losed teeth due to a disturbed eruption mechanism result in a severe
form of posterior open bite that usually worsens from anterior to poste-
rior. Eruption failure is usually asymmetrical, affects more posterior teeth
and both dentition may be involved (Pilz et al., 2014). The diagnosis erup-
tion failure requires clinical and radiographic examinations.
Synonym: Tooth, impacted; Tooth, retained
4.51 | Primary failure of eruption
4.51.1 | Definition
Eruption failure of permanent teeth in the absence of an obstacle hin-
dering tooth progression toward the oral cavity. Objective.
F IGURE 46 Eruption, failure of all permanent molars
1972 DE LA DURE-MOLLA ET AL.
4.51.2 | Comments
This is a bundled term as Primary failure of eruption (PFE) and is com-
posed of eruption failure, tooth ankylosis, tooth infraoccluded, posterior
lateral open bite. Each of these signs should be assessed and scored
separately. The term designates both a genetic condition, and an Ele-
ment of Morphology rending its utilization sometimes confusing.
The non-eruption mechanism defect is due to an abnormal dental
follicle, partially or totally blocking tooth progression. It usually
involves one or multiple molar sectors. Incisors, canines, and premo-
lars may also be involved but with a reduced individual frequency.
The diagnosis Primary failure of eruption failure requires clinical and
radiographic examinations.
Tooth, impacted: see Eruption, failure.
4.52 | Tooth, premature loss
4.52.1 | Definition
Exfoliation of a tooth more than 2 SD earlier than the normal age for
the deciduous teeth. Exfoliation of a permanent tooth is per se abnor-
mal. (Figure 47). Objective.
4.52.2 | Comments
Premature loss of a tooth may concern deciduous and permanent
teeth. The range of ages in years for normal exfoliation of deciduous
teeth usually precedes the mean age of eruption of each tooth by a
year or less (Hennekam et al., 2010; Kleigman, Behrman, Jenson, &
Stanton, 2007).
Replaces term: Exfoliation, early
4.53 | Tooth, premature eruption
4.53.1 | Definition
A tooth which erupts more than 2 SD earlier than the mean eruption
age (Figure 48). Objective.
4.53.2 | Comments
Eruption is defined by the appearance of a tooth that has pierced the
oral mucosa. There are established norms for the timing of eruption of
both deciduous and permanent teeth (Lunt & Law, 1974; McDonald
et al., 2004) Tooth eruption sequences follow broadly similar and sym-
metrical patterns during establishment of the deciduous and perma-
nent dentitions, although wide individual variation in timing is
common. Eruption timing depends on the population studied. Norms
are typically specific for populations (Baylis & B. R., 2017; Verma
et al., 2017).
Synonym: Eruption advanced; Tooth, advanced development
4.54 | Tooth, infraoccluded
4.54.1 | Definition
A tooth with its occlusal surface at a lower level than the adjacent
teeth (Figure 49). Subjective.
4.54.2 | Comments
Infraocclusion of a tooth typically concerns deciduous molars. Two
anomalies may be described: (1) a halt of the eruption of a tooth
shortly after emergence in the oral cavity, despite the lack of a physi-
cal obstacle in the eruption pathway (Nielsen, Becktor, & Kjaer, 2006);
F IGURE 47 Tooth, premature loss of the central mandibular
incisors [Color figure can be viewed at wileyonlinelibrary.com]
F IGURE 48 Tooth, premature eruption of the first lower right
premolar in an 8 year old individual
F IGURE 49 Tooth infraoccluded of first and second deciduous
molars associated with agenesis of premolars
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(2) ankylosis of deciduous teeth which is in occlusion and then will
become infraoccluded during adjacent teeth eruption especially per-
manent teeth during the mixed dentition phase (Raghoebar, Boering, &
Vissink, 1991).
Replaces term: Reincluded teeth
Synonym: Tooth, submerging; Tooth, infrapositioned
Tooth, infrapositioned: see Tooth, infraoccluded.
Tooth, submerging: see Tooth, infraoccluded.
4.55 | Tooth, ankylosis
4.55.1 | Definition
Fusion of a tooth with alveolar bone (Figure 50). Subjective.
4.55.2 | Comments
Ankylosis is uncommon in the deciduous dentition and very rare in
the permanent dentition. It may be observed after trauma. Ankylosis
may occur at the crown or root level.
4.56 | Teeth, malposition
4.56.1 | Definition
Location of a tooth out of its normal position or orientation
(Figure 51). Subjective.
4.56.2 | Comments
Anomalies of tooth position can be classified into ectopic (in an abnor-
mal location), transmigration (pre-eruptive migration to a location
some distance away), transposition (positional interchange of two
adjacent teeth), rotation (tooth turning along its long axis), crowding
(malalignment of tooth row). This should be added in describing a
malpositioned tooth.
Replaces term: Irregular dentition
4.57 | Dental crowding
4.57.1 | Definition
Changes in alignment of teeth in the dental arch (Figure 54).
Subjective.
F IGURE 50 Tooth ankylosis (arrow head) [Color figure can be
viewed at wileyonlinelibrary.com]
F IGURE 51 Tooth malalignment showing palatal position of the
second premolar and right lateral incisor [Color figure can be viewed
at wileyonlinelibrary.com]
F IGURE 52 Teeth spaced between right central incisor and
canine and agenesis of the lateral incisor [Color figure can be viewed
at wileyonlinelibrary.com]
F IGURE 53 Diastema between maxillary central incisors [Color
figure can be viewed at wileyonlinelibrary.com]
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4.57.2 | Comments
There is a discrepancy in the space needed to align the teeth and the
size of the alveolar ridge.
Replaces term: Irregular teeth, Irregular dentition
Synonym: Teeth, malalignment; Teeth, misalignment
Teeth, malalignment: see Dental crowding.
Teeth, misalignment: see Dental crowding.
4.58 | Teeth, spaced
4.58.1 | Definition
Separation of teeth of the same dental arch by wider spaces than nor-
mal (Figure 52). Subjective.
4.58.2 | Comments
Wide spacing can be secondary to increased room by an unusually
large dental arch or smaller teeth (microdontia) or if mixed deciduous
and secondary dentition are present. Slight spacing between the
deciduous teeth is physiological, and experience in evaluation is
important in determining this feature. This descriptor must be distin-
guished from a diastema. The difference between diastema and widely
spaced teeth is that diastema is between two teeth and widely spaced
teeth between more than two teeth. Normal values of dental spacing
are not available.
Replaces term: Diastemata
Dental malocclusion: see Occlusion, anomaly.
4.59 | Diastema
4.59.1 | Definition
Increased space between two adjacent teeth (Figure 53). Subjective.
4.59.2 | Comments
Usually, there is a contact surface between the lateral sides of two
adjacent teeth, at their broadest contour area. A diastema can apply
to any pair of teeth. The term should be modified by a descriptor of
the involved teeth. This descriptor must be distinguished from widely
spaced teeth. Midline diastema refers to the diastema between the
upper central incisors.
4.60 | Occlusion anomaly
4.60.1 | Definition
Alteration of the dental arch relationships in form or position
(Figure 55). Objective.
4.60.2 | Comments
Occlusion anomalies include a large variety of disturbed occlusion such
as disto-occlusion, mesio-occlusion, midline deviation of dental arch,
overjet, and posterior lingual occlusion of mandibular teeth. The Angle
classification is used to define dental relationship using the first perma-
nent maxillary molar position as a reference: Class I: normocclusion, Class
II (distocclusion) retrognathism; Class III mesiocclusion (prognathism)
(Angle, 1899).
Synonym: Dental malocclusion
4.61 | Open bite
4.61.1 | Definition
Visible anterior space between the dental arches in occlusion
(Figure 56). Subjective.
F IGURE 54 Dental crowding: rotation of mandibular incisors and
palatal eruption of the left lateral incisor [Color figure can be viewed
at wileyonlinelibrary.com]
F IGURE 55 Occlusion
anomaly (Angle class II and III)
[Color figure can be viewed at
wileyonlinelibrary.com]
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4.61.2 | Comments
Open bite produces an absence of vertical overlap of the two dental
arches. It may be associated with malocclusion, but this should be
assessed and coded separately. Open bite may occur in the anterior
or posterior part of the arches which are called anterior open bite,
frontal open bite and lateral open bite, respectively. This should be
added in describing an open bite.
4.62 | Cross bite
4.62.1 | Definition
Lingual occlusion of buccal cusps and/or incisal edge of maxillary
teeth to the buccal cusps and/or incisal edge of mandibular teeth
(Figure 57). Subjective.
4.62.2 | Comments
Cross bite may occur unilaterally, bilaterally, or frontally. A
total cross bite with buccal displacement of the maxillary pos-
terior teeth, with or without contact between the lingual sur-
face of the maxillary lingual cusp and the buccal surface of the
buccal cusp of its mandibular antagonist, has been called scis-
sor bite. If only a single tooth is affected, the term single cross
bite can be used.
4.63 | Overbite, increased
4.63.1 | Definition
Vertical overlap (frontal plane) of maxillary incisors over mandibular
incisors exceeding 2 mm (Figure 58). Objective.
4.63.2 | Comments
An overjet concerns only anterior teeth.
Supraocclusion: see Overbite, increased.
An overbite concerns only anterior teeth.
Synonym: Supraocclusion; Deep bite
4.64 | Overjet, increased
4.64.1 | Definition
Horizontal overlap (sagittal plane) of upper frontal teeth over the
lower frontal teeth exceeding 3.5 mm (Figure 59). Objective.
F IGURE 57 Cross bite
(anterior and lateral) [Color figure
can be viewed at
wileyonlinelibrary.com]
F IGURE 56 Open bite evident in the absence of contact
between dental arches [Color figure can be viewed at
wileyonlinelibrary.com]
F IGURE 58 Overbite, increased evident in overlap of maxillary
incisors over the mandibular ones [Color figure can be viewed at
wileyonlinelibrary.com]
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4.65 | Gingival, overgrowth
4.65.1 | Definition
Thickening of the gingiva (Figure 60). Subjective.
4.65.2 | Comments
The degree of thickening ranges from involvement of only the inter-
dental papillae to gingival overgrowth covering the entire tooth
crown. The gingival soft tissue overlying the alveolar ridge thickens. It
may occur isolated, associated to orthodontic treatment (Zanatta,
Ardenghi, Antoniazzi, Pinto, & Rosing, 2014), systemic treatment
(Miranda et al., 2001), and generalized (Jaureguiberry et al., 2012).
Gingival overgrowth can also be seen subsequently to external factors
(phenytoin; cyclosporin A; nifediprin) or can be genetically deter-
mined. Gingival overgrowth can be caused by gingival hypertrophy
and gingival hyperplasia, which can only be diagnosed using histologi-
cal studies.
Replaces term: Gingival hyperplasia; Gingival hypertrophy
Synonym: Gingival overdevelopment; Gingiva, enlarged
5 | NOSOLOGY OF GENETICALLY
DETERMINED DENTAL DISORDERS
The presently proposed nosology of genetically determined dental
disorders consists of 408 entities (Table 1). Dental non-developmental
anomalies registered in OMIM, which are at least in part acquired,
such as dental caries, are not included. Disorders going along with
malocclusion of which the origin can be completely acquired to
completely genetically determined, and which can be dental but also
non-dental, are also excluded. Some disorders pertaining to a group
are included, whereas other are not. For example, within the group of
epidermolysis bullosa disorders, the dystrophica type is not included
as its only associated dental sign is caries, but the junctional type is
included as it goes along with enamel anomalies.
Each of the eight dental anomaly groups is subdivided into iso-
lated and syndromic forms. Syndromes are grouped according to the
recommendations for the grouping of rare disorders established by
the European Reference Networks (Evangelista et al., 2016). Some
syndromes go along with several different dental anomalies, such as
Johanson-Blizzard syndrome with dental agenesis and severe micro-
dontia. These disorders are classified in only one group, and other
main dental phenotypes are added in the “notes” column. In 322 of
the 408 disorders (79%), a gene is identified. In an additional 17 (4%),
a candidate locus is known. The efforts made in establishing a com-
mon characterization of dental and craniofacial disorders, both iso-
lated and syndromic, as well as in ascertaining their developmental
and genetic common traits (for review: (Bloch-Zupan et al., 2012;
Klein et al., 2013; Mitsiadis & Luder, 2011; Thesleff, 2014) are con-
tributing to these high percentages. However, this percentage could
not be linked to the genetic diagnostic rates in practice. Isolated oro-
dental disorders account for 53 of the 408 entities (13%), the
remaining 87% are syndromes. In comparing the various dental anom-
alies, we find that dental agenesis is present in 121 disorders, super-
numerary teeth in 18 disorders, dental size and/or shape disorders in
29 disorders, enamel anomalies in 105 disorders, dentin anomalies in
35 disorders, anomalies in dental eruption in 40 disorders, periodontal
and gingival anomalies in 52 disorders, and tumor-like anomalies in
eight disorders.
The development in sequencing techniques allowing to evaluate
for variants in groups of genes causing specific signs or symptoms
(NGS panel sequencing) has demonstrated that disorders initially
described as occurring isolated could be allelic to syndromes, and vice
versa. This is occurring in dental disorders as well. For example, vari-
ants in EDA were first described causing ectodermal dysplasia but
were subsequently detected in individuals with dental agenesis with-
out other signs of ectodermal dysplasia, and similar widening of phe-
notypes being caused by variants in single genes have been reported
in several other genes such as COL17A1, DLX3, and LAMA3 (Poulter
et al., 2014; Prasad et al., 2016; Yang et al., 2013).
We hope that these clinical descriptions are useful in patient's
care, especially in case of multi-disciplinary discussions. Dental anom-
alies are relevant clinical signs and may provide key clues for
F IGURE 59 Overjet increased evident in the increase of
horizontal distance between maxillary and mandibular teeth [Color
figure can be viewed at wileyonlinelibrary.com]
F IGURE 60 Gingival overgrowth [Color figure can be viewed at
wileyonlinelibrary.com]
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differential diagnosis of rare disorders, and the present nosology may
be helpful in this respect as well. The present nosology is the first
comprehensive nosology in Dentistry. Undoubtedly, it will need regu-
larly updating. Furthermore, we welcome remarks and criticisms by
colleagues around the world to ameliorate both the definitions and
the nosology.
D[4]/phenodent: www.phenodent.org
Human Phenotype Ontology: www.human-phenotype-ontology.org
ICD10-ICD11 MMS: Revised International Classification of Disor-
ders for Mortality and https://icd.who.int/dev11/l-m/en
OMIM (Online Mendelian Inheritance in Man): http://www.ncbi.
nlm.nih.gov/omim/
Orphanet: www.orpha.net (Rath et al., 2012).
COLLABORATORS, INTERNATIONAL GROUP OF DENTAL
NOMENCLATURE
Consortium from collaborative national “TÊTECOU” and O-Rares oral
and dental rare disease network - French rare disorders Healthcare
Network for rare disorders of the head, neck and teeth: Jean-Louis
Sixou (Service d'Odontologie et de chirurgie buccale, CHU de Rennes),
Hervé Foray (Service d'Odontologie et de chirurgie buccale, CHU de
Brest), Béatrice Bonin-Goga (Service de Chirurgie maxillo-faciale,
plastique de la face et stomatologie, CHRU Hôpitaux de TOURS,
Hôpital Clocheville), Florent Sury, CHU Tours, Frédéric Vaysse
(Service d'odontologie, CHU Toulouse, Hôpital Rangueil-Maraîchers),
Joël Ferri (Service d'odontologie et chirurgie maxillo-faciale, CHRU de
Lille, Hôpital Roger Salengro), Corinne Tardieu (Pôle odontologie -
Centre dentaire, Assistance Publique des Hôpitaux de Marseille,
Hôpital de La Timone), Brigitte Alliot-Licht (Odontologie Con-
servatrice et Pédiatrique, CHU de Nantes, Site de l'Hôtel-Dieu), Jean-
Jacques Morrier (Service de Consultations et Traitements Dentaires,
Hospices Civils de Lyon, Hôpitaux Nord), Dominique Droz (CHU de
Nancy, Service d'Odontologie, Nancy, France), Michèle Muller-Bolla
(Département d'Odontologie Pédiatrique, UFR d'Odontologie,
Université de Nice Sophia-Antipolis, CHU de Nice, Nice, France,
10URB2i - EA 4462, Paris Descartes, Paris, France), Séréna Lopez-
Cazaux (Faculté de Chirurgie Dentaire, Département d'Odontologie
Pédiatrique, CHU Hôtel Dieu, Service d'odontologie conservatrice et
pédiatrique, Nantes, France), Isabelle Bailleul-Forestier (CHU de Tou-
louse, Odontologie Pédiatrique, Faculté de Chirurgie Dentaire,
Université Paul Sabatier, Toulouse, France), Tiphaine Davit-Beal
(Département d'Odontologie Pédiatrique, Faculté de Chirurgie
Dentaire, Université Paris Descartes, Montrouge, France, Evolution et
Développement du Squelette-EDS, UMR7138-SAE, Université Pierre
et Marie Curie, Paris, France), Marie Paule Gelle (Faculté
d'Odontologie, Université de Reims Champagne-Ardenne, 2 rue du
Général Koenig, Reims 51100, France, Laboratoire EA 4691 “BIOS,”
1, rue du Maréchal Juin, Reims 51100, France), Louis Fréderic
Jacquelin, (Faculté d'Odontologie, Université de Reims Champagne-
Ardenne, 2 rue du Général Koenig, Reims 51100, France), Laboratoire
EA 4691 “BIOS,” 1, rue du Maréchal Juin, Reims 51100, France,
Edouard Euvrard, (Centre hospitalier régional universitaire de
Besançon—Site de Jean Minjoz, CICIT unité INSERM 1431), Victorin
Ahossi, (CHU Dijon-Bourgogne Dijon, France).
Endorsing International Consortium (expert reviewing panel):
Roger Hall (Australia), Richard Widmer (Australia), Anna Schossig
(Austria), Ines Kapferer-Seebacher (Austria), Charles Pilipili (Belgium),
Rose Mbede (Cameroun), Petra Hlinakova (Czech Republic), Maria-
Angelica Quintana Torres (Chili), Jung Wook Kim (Corea), Hans Gjørup
(Denmark), Dorte Haubek (Denmark), Satu Alaluusua (Finland), Priska
Fischer (Germany), Anna Wolff (Germany), Marcel Hanisch (Germany),
Nick A Lygidakis (Greece), Elia Sfeir, (Lebanon), Mustafa El Alloussi
(Morocco), Ahmed Bilal (Pakistan), Carlalberta Verna (Switzerland),
Eirini Stratigaki (Switzeland), Patimaporn Pungchanchaikul (Thailand),
Supawich Morkmued (Thailand), Alan Mighell (UK), Susan Parek (UK),
James K. Hartsfield (USA), Ophir Klein (USA); European Reference
Network ERN CRANIO: Tatjana Dostalova (Czeck Republic), Marjin
Creton (The Netherlands), Edwin Ongkosuwito (The Netherlands),
Jamila Ross (The Netherlands), Marie-José van den Boogaard (The
Netherlands), and Peter Moosey (UK).
CONTRIBUTORS
MDLD: Conception and design of the research, database analysis,
draft and revision of the manuscript; BF: database analysis, draft and
revision of the manuscript; MCM, ACA: draft and revision of the man-
uscript; LF: draft and revision of the manuscript; MLBL, ST, SK, PG,
BVF, RF, MVB, LJ, FC: revision of the manuscript; MDC database
analysis, draft and revision of the manuscript; ST: database analysis;
MK database analysis; JC database analysis; AB draft and revision of
the manuscript; ABZ: database analysis, draft and revision of the
manuscript.
ACKNOWLEDGMENTS
This initiative participates to the actions of the project No. 1.7
“RARENET: a trinational network for education, research and manage-
ment of complex and rare disorders in the Upper Rhine” co-financed
by the European Regional Development Fund (ERDF) of the European
Union in the framework of the INTERREG V Upper Rhine program as
well as to the ERN (European reference network) CRANIO initiative.
BF is the holder of an INTERFACE contract, INSERM/APHP, which
supported this study. We are grateful to la Fondation des “Gueules
Cassées” who supported this research field and several authors
research. ABZ is a USIAS 2015 Fellow of the Institute of Advanced
Studies (Institut d'Etudes Avancées) de l'Université de Strasbourg,
France. International Collaboration Capes-Cofecub Grant, Brazil and
France (MDLD, ACA, AB). We thank Karen Niederreither for careful
and critical reading of the manuscript. We are grateful to patients and
their families for continuous support. We would like to acknowledge
and pay tribute to Robert James Gorlin, Crispian Scully, Heddie
Sedano, and Robin Winter for their invaluable contributions to the
field. We assure no conflict of interest. The grant ANR-10-LABX-
0030-INRT, a French State fund managed by the Agence Nationale de
1978 DE LA DURE-MOLLA ET AL.
la Recherche under the frame programme Investissements d'Avenir
labelled ANR-10-IDEX-0002-02. This work was also funded by
INSERM.
ORCID
Muriel de La Dure-Molla https://orcid.org/0000-0003-3557-2845
Benjamin Philippe Fournier https://orcid.org/0000-0003-4383-
7524
Raoul C. Hennekam https://orcid.org/0000-0002-6745-1522
Ariane Berdal https://orcid.org/0000-0001-5833-5813
Agnès Bloch-Zupan https://orcid.org/0000-0002-6511-2615
REFERENCES
Allanson, J. E., Biesecker, L. G., Carey, J. C., & Hennekam, R. C. (2009). Ele-
ments of morphology: Introduction. American Journal of Medical Genet-
ics. Part A, 149A(1), 2–5. https://doi.org/10.1002/ajmg.a.32601
Angle, E. H. (1899). Classification of malocclusion. The Dental Cosmos, 41
(3), 248–264.
Arys, A., & Dourov, N. (1987). Enamel pearls in the deciduous teeth. Jour-
nal de Biologie Buccale, 15(4), 249–255.
Axelsson, S. (2005). Variability of the cranial and dental phenotype in Wil-
liams syndrome. Swedish Dental Journal. Supplement, (170), 3–67.
Baylis, S., & Bassed, R. (2017). Precision and accuracy of commonly used
dental age estimation charts for the New Zealand population. Forensic
Science International, 277, 223–228.
Black, G. V. (1890). Descriptive anatomy of the human teeth. Philadelphia:
Wilmington Dental manufacturing Company.
Bloch-Zupan, A. (2004). Génétique: la contribution de l'odontologie. Le
chirurgien dentiste de France, 1184, 30–35.
Bloch-Zupan, A., Sedano, H., & Scully, C. (2012). Dento/oro/craniofacial
anomalies and genetics (1st ed.). Boston, MA: Elsevier.
Bot, P. L., & Salmon, D. (1977). Congenital defects of the upper lateral inci-
sors (ULI): Condition and measurements of the other teeth, measure-
ments of the superior arch, head and face. American Journal of Physical
Anthropology, 46(2), 231–243. https://doi.org/10.1002/ajpa.
1330460204
Brusevold, I. J., Bie, T. M. G., Baumgartner, C. S., Das, R., & Espelid, I.
(2017). Molar incisor malformation in six cases: Description and diag-
nostic protocol. Oral Surgery, Oral Medicine, Oral Pathology, Oral Radiol-
ogy, 124(1), 52–61. https://doi.org/10.1016/j.oooo.2017.03.050
Canese, K., & Weis, S. (2002). PubMed: The Bibliographic Database (Vol.
http://www.ncbi.nlm.nih.gov/pubmed/).
Carabelli, G. (1844). Systemisches Handbuch der Zahnheilkunde. Wien: Bei
Braumuller und Seidel.
Carey, J. C., Cohen, M. M., Jr., Curry, C. J., Devriendt, K., Holmes, L. B., &
Verloes, A. (2009). Elements of morphology: Standard terminology for
the lips, mouth, and oral region. American Journal of Medical Genetics.
Part A, 149A(1), 77–92. https://doi.org/10.1002/ajmg.a.32602
Chrcanovic, B. R., Abreu, M. H., & Custodio, A. L. (2010). Prevalence of
enamel pearls in teeth from a human teeth bank. Journal of Oral Sci-
ence, 52(2), 257–260.
Evangelista, T., Hedley, V., Atalaia, A., Johnson, M., Lynn, S., Le Cam, Y., &
Bushby, K. (2016). The context for the thematic grouping of rare dis-
eases to facilitate the establishment of European reference networks.
Orphanet Journal of Rare Diseases, 11, 17. https://doi.org/10.1186/
s13023-016-0398-y
FDI Director calls on more countries to adopt the FDI two-digit tooth-
numbering system. (1988). Journal of the Irish Dental Association, 34(2), 49.
Ferre, F. C., Frank, M., Gogly, B., Golmard, L., Naveau, A., Cherifi, H., …
Fournier, B. P. (2012). Oral phenotype and scoring of vascular Ehlers-
Danlos syndrome: A case-control study. BMJ Open, 2(2), e000705.
https://doi.org/10.1136/bmjopen-2011-000705
Fournier, B. P., Bruneau, M. H., Toupenay, S., Kerner, S., Berdal, A., Cormier-
Daire, V., … de La Dure-Molla, M. (2018). Patterns of dental agenesis
highlight the nature of the causative mutated genes. Journal of Dental
Research, 97, 1316. https://doi.org/10.1177/0022034518777460
Groza, T., Kohler, S., Moldenhauer, D., Vasilevsky, N., Baynam, G.,
Zemojtel, T., … Robinson, P. N. (2015). The human phenotype ontol-
ogy: Semantic unification of common and rare disease. American Jour-
nal of Human Genetics, 97(1), 111–124. https://doi.org/10.1016/j.ajhg.
2015.05.020
Hall, R. K. (1994). Pediatric orofacial medicine and pathology (C. a. H. M. s.
edition). Great Britain: Chapman & Hall.
Hall, R. K. (2006). Solitary median maxillary central incisor (SMMCI) syn-
drome. Orphanet Journal of Rare Diseases, 1, 12. https://doi.org/10.
1186/1750-1172-1-12
Hennekam, R., Allanson, J., & Krantz, I. (2010). Gorlin's syndromes of the
head and neck 5th edition (5th ed.). USA: Oxford University Press.
Hennekam, R. C., Biesecker, L. G., Allanson, J. E., Hall, J. G., Opitz, J. M.,
Temple, I. K., … Elements of Morphology, C. (2013). Elements of mor-
phology: General terms for congenital anomalies. American Journal of
Medical Genetics. Part A, 161A(11), 2726–2733. https://doi.org/10.
1002/ajmg.a.36249
Herrera-Atoche, J. R., Aguayo-de-Pau, M. D., Escoffie-Ramirez, M.,
Aguilar-Ayala, F. J., Carrillo-Avila, B. A., & Rejon-Peraza, M. E. (2017).
Impacted maxillary canine prevalence and its association with other
dental anomalies in a Mexican population. International Journal of Den-
tistry, 2017, 7326061–7326064. https://doi.org/10.1155/2017/
7326061
Huckert, M., Stoetzel, C., Morkmued, S., Laugel-Haushalter, V.,
Geoffroy, V., Muller, J., … Bloch-Zupan, A. (2015). Mutations in the
latent TGF-beta binding protein 3 (LTBP3) gene cause brachyolmia
with amelogenesis imperfecta. Human Molecular Genetics, 24(11),
3038–3049. https://doi.org/10.1093/hmg/ddv053
Hulsmann, M. (1997). Dens invaginatus: Aetiology, classification, preva-
lence, diagnosis, and treatment considerations. International Endodon-
tic Journal, 30(2), 79–90.
Hunasgi, S., Koneru, A., Manvikar, V., Vanishree, M., & Amrutha, R. (2017).
A rare case of twinning involving primary maxillary lateral incisor with
review of literature. Journal of Clinical and Diagnostic Research, 11(2),
ZD09–ZD11. https://doi.org/10.7860/JCDR/2017/23510.9212
Issa, Y. A., Kamal, L., Rayyan, A. A., Dweik, D., Pierce, S., Lee, M. K., …
Kanaan, M. (2016). Mutation of KREMEN1, a modulator of Wnt signal-
ing, is responsible for ectodermal dysplasia including oligodontia in
Palestinian families. European Journal of Human Genetics, 24(10),
1430–1435. https://doi.org/10.1038/ejhg.2016.29
Jaureguiberry, G., De la Dure-Molla, M., Parry, D., Quentric, M.,
Himmerkus, N., Koike, T., … Kleta, R. (2012). Nephrocalcinosis (enamel
renal syndrome) caused by autosomal recessive FAM20A mutations.
Nephron. Physiology, 122(1–2), 1–6. https://doi.org/10.1159/
000349989
Jeong, K. H., Kim, D., Song, Y. M., Sung, J., & Kim, Y. H. (2015). Epidemiol-
ogy and genetics of hypodontia and microdontia: A study of twin fami-
lies. The Angle Orthodontist, 85(6), 980–985. https://doi.org/10.2319/
052814-376.1
Joiner, A., & Luo, W. (2017). Tooth colour and whiteness: A review. Journal
of Dentistry, 67S, S3–S10. https://doi.org/10.1016/j.jdent.2017.
09.006
Kantaputra, P., Kaewgahya, M., Jotikasthira, D., & Kantaputra, W. (2014).
Tricho-odonto-onycho-dermal dysplasia and WNT10A mutations.
American Journal of Medical Genetics. Part A, 164A(4), 1041–1048.
https://doi.org/10.1002/ajmg.a.36388
DE LA DURE-MOLLA ET AL. 1979
Kantaputra, P. N., Kaewgahya, M., Hatsadaloi, A., Vogel, P., Kawasaki, K.,
Ohazama, A., & Ketudat Cairns, J. R. (2015). GREMLIN 2 mutations
and dental anomalies. Journal of Dental Research, 94(12), 1646–1652.
https://doi.org/10.1177/0022034515608168
Kasat, V. O., Singh, M., Saluja, H., & Ladda, R. (2014). Coexistence of two
talon cusps and two dens invaginatus in a single tooth with associated
radicular cyst-a case report and review of literature. Journal of Clinical
and Experimental Dentistry, 6(4), e430–e434. https://doi.org/10.4317/
jced.51421
Kim, J. W., Seymen, F., Lee, K. E., Ko, J., Yildirim, M., Tuna, E. B., …
Hu, J. C. (2013). LAMB3 mutations causing autosomal-dominant
amelogenesis imperfecta. Journal of Dental Research, 92(10), 899–904.
https://doi.org/10.1177/0022034513502054
Kim, J. W., Zhang, H., Seymen, F., Koruyucu, M., Hu, Y., Kang, J., …
Hu, J. C. (2018). Mutations in RELT cause autosomal recessive
amelogenesis Imperfecta. Clinical Genetics, 95, 375–383. https://doi.
org/10.1111/cge.13487
Kleigman, R. M., Behrman, R. E., Jenson, H. B., & Stanton, B. F. (2007). In
P. S. E. Philadelphia (Ed.), Nelson's textbook of pediatrics (18th ed.).
USA: Saunders.
Klein, O. D., Oberoi, S., Huysseune, A., Hovorakova, M., Peterka, M., &
Peterkova, R. (2013). Developmental disorders of the dentition: An
update. American Journal of Medical Genetics. Part C, Seminars in Medi-
cal Genetics, 163C(4), 318–332. https://doi.org/10.1002/ajmg.c.
31382
de La Dure-Molla, M., Fournier, B., & Berdal, A. (2015). Isolated
dentinogenesis imperfecta and dentin dysplasia: Revision of the classi-
fication. European Journal of Human Genetics, 23(4), 445–451. https://
doi.org/10.1038/ejhg.2014.159
Lagana, G., Venza, N., Borzabadi-Farahani, A., Fabi, F., Danesi, C., &
Cozza, P. (2017). Dental anomalies: Prevalence and associations
between them in a large sample of non-orthodontic subjects, a cross-
sectional study. BMC Oral Health, 17(1), 62. https://doi.org/10.1186/
s12903-017-0352-y
Laugel-Haushalter, V., Morkmued, S., Stoetzel, C., Geoffroy, V., Muller, J.,
Boland, A., … Pungchanchaikul, P. (2018). Genetic evidence supporting
the role of the calcium channel, CACNA1S, in tooth cusp and root pat-
terning. Frontiers in Physiology, 9, 1329. https://doi.org/10.3389/
fphys.2018.01329
Lavelle, C. L. (1972). Maxillary and mandibular tooth size in different racial
groups and in different occlusal categories. American Journal of Ortho-
dontics, 61(1), 29–37.
Lunt, R. C., & Law, D. B. (1974). A review of the chronology of eruption of
deciduous teeth. Journal of the American Dental Association (1939), 89
(4), 872–879.
Mallineni, S. K., Panampally, G. K., Chen, Y., & Tian, T. (2014). Mandibular
talon cusps: A systematic review and data analysis. Journal of Clinical
and Experimental Dentistry, 6(4), e408–e413. https://doi.org/10.4317/
jced.51476
McCreedy, C., Robbins, H., Newell, A., & Mallya, S. M. (2016). Molar-
incisor malformation: Two cases of a newly described dental anomaly.
Journal of Dentistry for Children, 83(1), 33–37.
McDonald, R. E., Avery, D. A., & Dean, J. A. (2004). In S. L. Mosby (Ed.),
Dentistry for the child and adolescent. USA: Mosby.
Mhaske, S., Yuwanati, M. B., Mhaske, A., Ragavendra, R., Kamath, K., &
Saawarn, S. (2013). Natal and neonatal teeth: An overview of the liter-
ature. ISRN Pediatrics, 2013, 956269–956211. https://doi.org/10.
1155/2013/956269
Miranda, J., Brunet, L., Roset, P., Berini, L., Farre, M., & Mendieta, C.
(2001). Prevalence and risk of gingival enlargement in patients treated
with nifedipine. Journal of Periodontology, 72(5), 605–611. https://doi.
org/10.1902/jop.2001.72.5.605
Mitsiadis, T. A., & Luder, H. U. (2011). Genetic basis for tooth mal-
formations: From mice to men and back again. Clinical Genetics, 80(4),
319–329. https://doi.org/10.1111/j.1399-0004.2011.01762.x
Nanci, A. (2012). Ten Cate's oral histology 8th edition, development, struc-
ture, and function. USA: Mosby.
Negre-Barber, A., Montiel-Company, J. M., Boronat-Catala, M., Catala-
Pizarro, M., & Almerich-Silla, J. M. (2016). Hypomineralized second pri-
mary molars as predictor of molar incisor hypomineralization. Scientific
Reports, 6, 31929. https://doi.org/10.1038/srep31929
Nielsen, S. H., Becktor, K. B., & Kjaer, I. (2006). Primary retention of first
permanent mandibular molars in 29 subjects. European Journal of
Orthodontics, 28(6), 529–534. https://doi.org/10.1093/ejo/cjl049
Papapanou, P. N., Sanz, M., Buduneli, N., Dietrich, T., Feres, M.,
Fine, D. H., … Tonetti, M. S. (2018). Periodontitis: consensus report of
workgroup 2 of the 2017 world workshop on the classification of peri-
odontal and peri-implant diseases and conditions. Journal of Periodon-
tology, 89(Suppl 1), S173–S182. https://doi.org/10.1002/JPER.17-
0721
Parry, D. A., Smith, C. E., El-Sayed, W., Poulter, J. A., Shore, R. C.,
Logan, C. V., … Mighell, A. J. (2016). Mutations in the pH-sensing G-
protein-coupled receptor GPR68 cause amelogenesis imperfecta.
American Journal of Human Genetics, 99(4), 984–990. https://doi.org/
10.1016/j.ajhg.2016.08.020
Peck, S., & Peck, L. (1993). A time for change of tooth numbering systems.
Journal of Dental Education, 57(8), 643–647.
Peled, A., Sarig, O., Samuelov, L., Bertolini, M., Ziv, L., Weissglas-
Volkov, D., … Sprecher, E. (2016). Mutations in TSPEAR, encoding a
regulator of notch signaling, affect tooth and hair follicle morphogene-
sis. PLoS Genetics, 12(10), e1006369. https://doi.org/10.1371/journal.
pgen.1006369
Pilz, P., Meyer-Marcotty, P., Eigenthaler, M., Roth, H., Weber, B. H., &
Stellzig-Eisenhauer, A. (2014). Differential diagnosis of primary failure
of eruption (PFE) with and without evidence of pathogenic mutations
in the PTHR1 gene. Journal of Orofacial Orthopedics, 75(3), 226–239.
https://doi.org/10.1007/s00056-014-0215-y
Polder, B. J., Van't Hof, M. A., Van der Linden, F. P., & Kuijpers-
Jagtman, A. M. (2004). A meta-analysis of the prevalence of dental
agenesis of permanent teeth. Community Dentistry and Oral Epidemiol-
ogy, 32(3), 217–226. https://doi.org/10.1111/j.1600-0528.2004.
00158.x COM158 [pii].
Poornima, P., Kirthiga, M., Sasalwad, S., & Nagaveni, N. B. (2016). Preva-
lence of a few variant dental features in children aged 11–16 years in
Davangere, a city in Karnataka. Journal of Forensic Dental Sciences, 8(1),
13–17. https://doi.org/10.4103/0975-1475.176948
Poulter, J. A., El-Sayed, W., Shore, R. C., Kirkham, J., Inglehearn, C. F., &
Mighell, A. J. (2014). Whole-exome sequencing, without prior linkage,
identifies a mutation in LAMB3 as a cause of dominant hypoplastic
amelogenesis imperfecta. European Journal of Human Genetics, 22(1),
132–135. https://doi.org/10.1038/ejhg.2013.76
Prasad, M. K., Geoffroy, V., Vicaire, S., Jost, B., Dumas, M., Le Gras, S., …
Bloch-Zupan, A. (2016). A targeted next-generation sequencing assay
for the molecular diagnosis of genetic disorders with orodental
involvement. Journal of Medical Genetics, 53(2), 98–110. https://doi.
org/10.1136/jmedgenet-2015-103302
Raghoebar, G. M., Boering, G., & Vissink, A. (1991). Clinical, radiographic
and histological characteristics of secondary retention of permanent
molars. Journal of Dentistry, 19(3), 164–170.
Rath, A., Olry, A., Dhombres, F., Brandt, M. M., Urbero, B., & Ayme, S.
(2012). Representation of rare diseases in health information systems:
The Orphanet approach to serve a wide range of end users. Human
Mutation, 33(5), 803–808. https://doi.org/10.1002/humu.22078
Reston, E., Bervian, J., Kramer, P., Spiguel, M., Ferreira, S., & Closs, L. (2014).
Esthetic rehabilitation of a patient with severe oligodontia. Operative Den-
tistry, 39(4), 339–344. https://doi.org/10.2341/12-397-S
Seow, W. K., & Lai, P. Y. (1989). Association of taurodontism with
hypodontia: A controlled study. Pediatric Dentistry, 11(3), 214–219.
Seymen, F., Kim, Y. J., Lee, Y. J., Kang, J., Kim, T. H., Choi, H., … Kim, J. W.
(2016). Recessive mutations in ACPT, encoding testicular acid
1980 DE LA DURE-MOLLA ET AL.
phosphatase, cause hypoplastic amelogenesis imperfecta. American
Journal of Human Genetics, 99(5), 1199–1205. https://doi.org/10.
1016/j.ajhg.2016.09.018
Smith, C. E., Murillo, G., Brookes, S. J., Poulter, J. A., Silva, S., Kirkham, J., …
Mighell, A. J. (2016). Deletion of amelotin exons 3-6 is associated with
amelogenesis imperfecta. Human Molecular Genetics, 25(16),
3578–3587. https://doi.org/10.1093/hmg/ddw203
Tallon-Walton, V., Nieminen, P., Arte, S., Carvalho-Lobato, P., Ustrell-
Torrent, J. M., & Manzanares-Cespedes, M. C. (2010). An epidemiolog-
ical study of dental agenesis in a primary health area in Spain: Esti-
mated prevalence and associated factors. Medicina Oral, Patología Oral
y Cirugía Bucal, 15(4), e569–e574.
Tallon-Walton, V., Manzanares-Cespedes, M. C., Carvalho-Lobato, P.,
Valdivia-Gandur, I., Arte, S., & Nieminen, P. (2014). Exclusion of PAX9
and MSX1 mutation in six families affected by tooth agenesis. A
genetic study and literature review. Medicina Oral, Patología Oral y Cir-
ugía Bucal, 19(3), e248–e254.
Tan, T. Y., Aftimos, S., Worgan, L., Susman, R., Wilson, M., Ghedia, S., …
Peters, G. (2009). Phenotypic expansion and further characterisation
of the 17q21.31 microdeletion syndrome. Journal of Medical Genetics,
46(7), 480–489. https://doi.org/10.1136/jmg.2008.065391
Thesleff, I. (2014). Current understanding of the process of tooth
formation: Transfer from the laboratory to the clinic. Australian
Dental Journal, 59(Suppl 1), 48–54. https://doi.org/10.1111/adj.
12102
Tinoco, R. L., Lima, L. N., Delwing, F., Francesquini, L., Jr., & Daruge, E., Jr.
(2016). Dental anthropology of a Brazilian sample: Frequency of non-
metric traits. Forensic Science International, 258(102), e101–e105.
https://doi.org/10.1016/j.forsciint.2015.10.019
Tucker, A., & Sharpe, P. (2004). The cutting-edge of mammalian develop-
ment; how the embryo makes teeth. Nature Reviews. Genetics, 5(7),
499–508. https://doi.org/10.1038/nrg1380
Verma, N., Bansal, A., Tyagi, P., Jain, A., Tiwari, U., & Gupta, R. (2017).
Eruption chronology in children: A cross-sectional study. International
Journal of Clinical Pediatric Dentistry, 10(3), 278–282. https://doi.org/
10.5005/jp-journals-10005-1450
Weerheijm, K. L. (2003). Molar incisor hypomineralisation (MIH). European
Journal of Paediatric Dentistry, 4(3), 114–120.
Witkop, C. J., Jr. (1988). Amelogenesis imperfecta, dentinogenesis imper-
fecta and dentin dysplasia revisited: Problems in classification. Journal
of Oral Pathology, 17(9–10), 547–553.
Xiong, F., Ji, Z., Liu, Y., Zhang, Y., Hu, L., Yang, Q., … Xu, X. (2017).
Mutation in SSUH2 causes autosomal-dominant dentin dysplasia
type I. Human Mutation, 38(1), 95–104. https://doi.org/10.1002/
humu.23130
Yamunadevi, A., Selvamani, M., Vinitha, V., Srivandhana, R.,
Balakrithiga, M., Prabhu, S., & Ganapathy, N. (2015). Clinical evaluation
of nonsyndromic dental anomalies in Dravidian population: A cluster
sample analysis. Journal of Pharmacy and Bioallied Sciences, 7(Suppl 2),
S499–S503. https://doi.org/10.4103/0975-7406.163517
Yang, Y., Luo, L., Xu, J., Zhu, P., Xue, W., Wang, J., … Su, L. (2013). Novel
EDA p.Ile260Ser mutation linked to non-syndromic hypodontia. Jour-
nal of Dental Research, 92(6), 500–506. https://doi.org/10.1177/
0022034513487557
Yang, Q., Chen, D., Xiong, F., Chen, D., Liu, C., Liu, Y., … Xu, X. (2016). A
splicing mutation in VPS4B causes dentin dysplasia I. Journal of Medical
Genetics, 53(9), 624–633. https://doi.org/10.1136/jmedgenet-2015-
103619
Yeluri, G., Kumar, C. A., & Raghav, N. (2015). Correlation of dental pulp
stones, carotid artery and renal calcifications using digital panoramic
radiography and ultrasonography. Contemporary Clinical Dentistry, 6
(Suppl 1), S147–S151. https://doi.org/10.4103/0976-237X.166837
Zanatta, F. B., Ardenghi, T. M., Antoniazzi, R. P., Pinto, T. M., &
Rosing, C. K. (2014). Association between gingivitis and anterior gingi-
val enlargement in subjects undergoing fixed orthodontic treatment.
Dental Press Journal of Orthodontics, 19(3), 59–66.
SUPPORTING INFORMATION
Additional supporting information may be found online in the
Supporting Information section at the end of this article.
How to cite this article: de La Dure-Molla M, Fournier BP,
Manzanares MC, et al. Elements of morphology: Standard
terminology for the teeth and classifying genetic dental
disorders. Am J Med Genet Part A. 2019;179A:1913–1981.
https://doi.org/10.1002/ajmg.a.61316
DE LA DURE-MOLLA ET AL. 1981
